This paper summarizes the results of a panel on how database content is covered in current university programs, with reference to the IS2002 model curriculum. Panelists included information systems (IS) faculty members who are actively involved in determining the coverage of database content at their institutions and in establishing academy-wide database content and technology resources. Topics included positioning database content in the overall curriculum, sequencing of content within the database course(s), and summary suggestions for tailoring database coverage at colleges and universities.
I. INTRODUCTION
This paper summarizes the panel discussion at AMCIS 2003 about how database content is taught in current university programs. The IS2002 model curriculum [Gorgone, et al., 2003] served as the reference. The panelists were information systems (IS) faculty members who are actively involved in determining the coverage of database content at their institutions and in establishing academy-wide database content and technology resources (e.g., textbooks, Birds-ofa-Feather conference discussions/roundtables, Teradata University Network, and ISWorld Database Educators Web Resources). The paper summarizes the key points from the panel discussion and, in Section IV and Appendix I, presents a bibliography of resources for database educators.
Two major topics highlighted a "what comes first: the chicken or the egg?" debate:
1. At a macro, curriculum-level: where/how should database content be covered in an information systems curriculum (Section II).
2. At a micro, course-level: how should SQL and data modeling content within a database course be sequenced (Section III). 
II. MACRO LEVEL: WHERE SHOULD DATABASE BE COVERED IN THE CURRICULUM?
In the IS2002 model curriculum (Gorgone, et al., 2003) , database content coverage is most often associated with the IS2002.8 Physical Design and Implementation with DBMS course specification. The IS2002.8 course emphasizes the physical design and implementation of a database, and relies upon prior completion of the IS2002.7 Analysis and Logical Design course. As highlighted by the panelists' presentations and discussion with the audience, the conceptual and logical design of databases is somewhat difficult for most students (especially undergraduates) to grasp when not linked with the practical experience of physical implementation. 
DATABASE AND IS PROFESSIONALS
For most panelists, database content in their institution is packaged into a single course in the requirements for information systems majors. The typical database course emphasizes the conceptual and logical design of databases (emphasizing the relational model), covers SQL, and often requires completion of a term-long database design project to provide practical experience with design knowledge. In about half the schools represented on the panel, the database course preceded the systems analysis and design course; in the other half it succeeded systems analysis and design. Key reasons for differences in sequencing included:
1. The maturity of students: if sequenced early, students tend to have poor study habits; if sequenced later, it is too late for students to change their major if they find out the information systems area is not a good "fit" for their career choice; and 2. The belief that student understanding of data structuring is easier than understanding processes, which is often the emphasis in an analysis and design course.
One panelist described how database content is largely covered in a single course, but that treatment of database content in the institution's curriculum is pervasive and repetitive. The importance of data and data management is emphasized throughout the curriculum in multiple courses.
Three key insights emerged :
1. The skills and knowledge necessary to be a successful IS professional rely on the foundational knowledge generally presented in both Database and Systems Analysis and Design courses.
The issue that IS educators need to address is not "Should Database precede (or follow) Systems Analysis and Design in the curriculum", but rather "What is the best way to prepare future IS professionals so that they can encapsulate business rules in information systems?" An underlying assumption of this educational issue is that the conceptual and logical modeling knowledge and skills from typical Database and Systems Analysis and Design courses serve as the building blocks and cornerstones of an IS professional's preparation. The panel believes that IS educators should attend to the primacy of this underlying assumption when developing courses and curriculum.
2. Related to the first insight, when developing an IS curriculum, faculty need to remember that a curriculum is not just a set of courses that happen to relate to one another solely by having content related to information technologies.
Rather, a curriculum should consist of courses that link together and serve to support the larger goal of an IS professional's preparation for industry careers. Thus, what we generally consider traditional database content (e.g., modeling, normalization, SQL) is perhaps best presented in a single course. However, it should be presented in a curriculum as a meaningful sequence of learning experiences that emphasize how data in business organizations are essential building blocks to providing answers to business questions and driving business operations. A curriculum provides integrated learning experiences for students within the goals of a particular school's IS program goals. A curriculum should be built using a spiraling concept to introduce/preview IS content to produce learner awareness in early learning experiences. The learner should advance to a literacy or comprehension stage through use in the middle learning experiences. In the later learning experiences the student should reach advanced stages where they can develop and extend their understanding of the IS content without hints or prompts. For example, the initial concept of databases can be previewed in an early introductory programming class that will use the programming language to obtain data from a database. The initial experience of using a database can then be brought forward when students complete a small database design project in a required IS class for all business students. In an advanced class they can choose their own database software to support and implement their term project. A multi-course learning experience that provides longitudinal experience with the analysis, design, and implementation of databases should be a goal or objective of any IS Curriculum.
3. Database content is also provided to non-IS majors. Panelists and audience members agreed with the rising importance of (organizational) databases in current and future business environments. IS majors need further specialization in database matters than most functional specialists in Finance, Marketing, and Operations. Some institutions do not have the luxury of separate courses or sections of the Database course for non-IS majors. At issue for IS database educators is the age-old challenge of providing enough depth for the IS major's professional preparation yet not so much depth that the non-IS major cannot glean useful knowledge for his/her future business career. Panelists and audience members agreed that the ideal solution is to have separate courses or at least sections to address the diverging educational needs of the IS and non-IS majors. When the separate course/section alternative is not viable at an institution, then the introductory database course for all students could be structured to accommodate both types of students by varying individual assignments, creatively developing project teams with different roles for students from different majors, or by providing additional, deeper assignments for the IS major. Another alternative under this scenario is to cover the introductory database concepts in the initial IS course, and then to require a follow on course in database for IS majors that covers material more deeply and extends database knowledge into matters such as database administration, data quality, security, and other advanced topics.
DATABASE CONTENT AND OTHER IS COURSES
The panel then focused on the relationship of the database course to other courses in the IS curriculum. Panelists and audience members agreed that the ideal situation is 6 to 9 credit hours of courses that are tightly coupled, such that an integrated, longitudinal, learning experience focusing on the analysis, design, and implementation of systems can be provided for an IS professional's preparation.
Although tightly coupled courses for IS majors are desirable, they cannot always be achieved because of idiosyncrasies of the student population. For example, one of the issues with tightly coupled courses is how to design the content and instructional approaches so that students who are not able to follow the sequence due to university absences (such as co-ops, internships, or withdrawals) or course scheduling conflicts are not disadvantaged in their professional preparation.
Another concern raised by the audience is the relationship of the database course with an objectoriented analysis and design (OOAD) course. Audience members observed that some OOAD courses stress the encapsulation of data as part of the object with often little discussion of how the data are logically related (e.g., without coverage of class diagramming). As a result, when students then are exposed to a relational database they can find themselves lost in the topics of normalization, relations, and foreign keys. The panel responded by reiterating the importance of a coordinated curriculum. For example, is OOAD an advanced course addressing an alternative analysis and design approach that is taken by advanced students or is it the standard approach to the system analysis and design course? If it is the standard approach, then there may be inconsistencies and insufficient cross-linking of the systems analysis and design course using the OOAD approach with a traditional relational database course that does not mention objectoriented modeling. These issues need to be resolved by the IS faculty at a particular institution. 
III. MICRO LEVEL: DATABASE CONTENT SEQUENCING
Each major database textbook chooses a particular order for the presentation of information related to data modeling and SQL. Database educators often choose textbooks that mirror their preferences for presenting these topics. Some prefer to teach modeling prior to SQL, others prefer to teach SQL first, and some attempt to integrate the presentation of these topics. This sequencing argument is akin to a "chicken and egg" debate.
MODELING, THEN SQL
Providing a progression of modeling topics followed by SQL re-emphasizes the separation of logical and physical elements of databases. Theoretical data modeling, especially conceptual modeling, is independent of the physical and specific database management technology choices for implementation. If following an information systems architecture approach [Zachman, 1987] , enterprise and conceptual data modeling must precede logical and physical database design. An advantage of the "modeling first approach" is that the foundational data modeling knowledge can be leveraged for different DBMS outcomes (e.g., hierarchical, network). SQL, as a very specific tool for relational databases, is best positioned after a thorough coverage of conceptual data modeling, logical design for the relational model, and normalization. A downside of this approach is that modeling knowledge and skills are often perceived as abstract and difficult for students (especially undergraduates) to understand in the absence of practical database examples.
One way to implement the 'Modeling, then SQL' approach is to consider the whole MIS curriculum. If systems analysis content is a prerequisite to the database course, and if the systems analysis content emphasizes data modeling (along with other models of information systems), then this preferred sequence is maintained.
SQL, THEN MODELING
SQL is a relatively simple tool for accessing the content of relational databases and providing simple reports as answers to questions. SQL provides tangible interaction with a physical database at the tables level, a concept that many students are familiar with from spreadsheets in accounting or from mathematics classes. When SQL coverage precedes modeling coverage, students are able to link their physical experience of using a database to accomplish managerial tasks (e.g., finding the answer to a question or set of questions from organizational data) with the abstract nature of data modeling.
Using this approach, the professor typically starts with the relational model, covering entities and attributes at a general level, and quickly moves to tables and keys. The coverage then moves to SQL. Students work from existing databases, either designed on paper so that the students can create the tables or starting with an already implemented database (e.g., in Access). While developing proficiency with using SQL, students also work with examples of well-designed relational databases. The panelists using this approach found that students were both more prepared to understand modeling concepts with a prior hands-on SQL background and were more motivated to learn modeling and design issues once they obtained a good sense of what a database is. The SQL-first approach is also consistent with a curriculum in which students usually or sometimes take the database course before the systems analysis and design course. If the curriculum provides few abstract modeling exercises prior to the database course, students may be overwhelmed by the modeling-first approach. The downside, as mentioned in the previous section, is that students develop one view of what a database is, the relational database model. One view, however, is better than no view for many students.
The use and the manipulation of data with SQL prior to modeling facilitates the professor's ability to illustrate the more subtle modeling issues and helps students to conceptualize data modeling, normalization, and key related issues better. Without the knowledge of data manipulation tools, such as SQL, the abstract nature of some components of data modeling are not fully understood by students. Many types of students may benefit from starting with the more concrete examples that SQL enables an instructor to represent in the classroom before moving to the more abstract concepts involved in data modeling and its ties to organizational needs. These students include the technically-oriented students that migrate towards an IS major and non-traditional or firstgeneration students with less exposure to abstract thinking. Thus, a wide variety of students may benefit from the teaching of SQL earlier in the database course.
Another way to handle this more practically-oriented learning preference is to present basic data manipulation in introductory courses. In some curricula, database access, using SQL or QueryBy-Example (e.g., Microsoft Access) is taught in courses prior to the database course (e.g., in the IS principles course or programming classes). In this case, students can refresh their database programming knowledge quickly and the teaching of data modeling can be enriched by simple examples of how data can be accessed. This option does not work as well in institutions with many transfer students from community colleges or from other majors within the institution. In these cases, the institution generally accepts a variety of substitutes for the introductory courses, many of which may not include this material.
MODELING INTEGRATED WITH SQL
Other instructors found that the optimal situation ocurs when the student can learn SQL and modeling in an integrated fashion. The benefit to this approach is that the students learn both the tangible SQL skills and the more abstract skills of modeling hand in hand. As the student learns about entities, attributes, and identifiers they learn to create tables, define attributes and select primary and foreign keys. This approach leads to students having an intertwined knowledge of modeling and SQL and contributes to their understanding of how these two components of database design and administration work together. This learning approach is akin to the prototyping systems development methodology.
The drawback to this integrated presentation approach is that it can blur the line between logical and physical design. It directly ties a data model to the relational database management system. This link, in turn, may make it difficult for a student to create data models independent of a specific type of DBMS. Without this independence, students tend to view data modeling more as a step towards IS and database development rather than as a tool to elicit business data requirements during database analysis and design efforts.
Encouraging students to experiment with sample data as they learn data modeling often helps them to understand how the abstract decisions they make about their data model will really work. Differences in user/analyst communication or within a student group are often uncovered when sample data is used to make the data model more concrete. If the students understand that their use of primary and foreign keys enable the application of the data model to the relational physical design, the value of the logical design can be emphasized. At the same time, the student can establish a physical design and begin, through the use of SQL, to form the necessary mental link between the logical and physical design. The predominance of SQL and the relational model probably result in few professors taking the data model to a hierarchical or network physical design, but well designed examples employing sample data could further establish the understanding of logical design and physical design. In this way, an integrated presentation approach to modeling and data manipulation (via SQL) can be leveraged by professors to draw out the interconnectedness of logical and physical design.
IV. DATABASE RESOURCES
The panel made it clear that database is taught from a variety of perspectives. The IS2002 Model Curriculum (Gorgone et al. 2003 ) is a starting point as each educational institution delivers database-related course content in its own way, and each instructor uses his/her own pedagogical style. What unites the course offerings are the resources available for teaching. To help instructors no matter which combination of macro (Section II) and micro (Section III) views they follow in their courses, Appendix I presents a list of available resources. The resources are based on panel discussions, luncheons at AMCIS attended by database instructors , manuscripts, websites, listservs, and professional organizations. The resources cover more than the two topics discussed by the panel. The topics range from software (selection, installation, and use) to specific projects, assignments, and cases for use in the classroom.
V. CONCLUSION
This panel discussed the issues that need to be considered in deciding where to place the database course in the IS curriculum and the order in which data modeling and data manipulation should be presented. The database course does not leverage its full potential and is not of the most benefit to the student when taught in isolation. Rather, the panel concluded that the IS curriculum of an institution should be designed to meet the fundamental goals of the school and the specific skills the institution's students should have when they graduate. Database is but one course in the curriculum, which in itself should not be viewed as a set of isolated courses but instead a rich knowledge platform from which students are able to become successful IS professionals. 
LUNCHEONS
At many of the major IS academic conferences a luncheon is held for database instructors to get together and create a knowledge network. Monica Garfield chairs this effort and Wiley and Sons sponsors it. Look for Teradata University Network to become more involved in future conferences. This website contains materials related to the IS2002 model curriculum, often in both html and PDF formats. It includes a description of the overall curriculum, revision efforts, sample course descriptions, and learning units among other resources. IS2002 is an industry and academic collaborative effort at specifying a model curriculum for an information system professional's educational preparation.
WEBSITES
ISWorld Database Educator's Resource (http://www.magal.com/iswn/teaching/database/) This portion of the ISWorld website provides materials related to knowledge, syllabi, cases, and books for database educators. Faculty can browse the resources already available and/or submit work for possible publication on this site.
Teradata University Network (www.teradatauniversitynetwork.com/)
This site for faculty, and the companion Teradata Student Network site, (www.teradatastudentnetwork.com) provide a knowledge base and software resources for teaching database management, data warehousing, business intelligence, and decision support systems. The site contains a variety of resources, including: software (e.g., Teradata SQL Assistant/Web Edition with data sets from several leading textbooks, and MicroStrategy); course syllabi, lecture notes, and exercises; case studies; 'white papers'; and research presentations. Although available at no cost, faculty members must register for this site. The ACM Special Interest Group on Management of Data is an association for students and professionals interested in research, development, and deployment of solutions to large-scale data management problems. SIGMOD membership; is an almost equal mix of people from industry and from academia. SIGMOD sponsors an annual conference that is regarded as one of the most important in the field.
SQL Online Resources
ACM SIGKDD -ACM Special Interest Group on Knowledge Discovery in Data (http://www.acm.org/sigs/sigkdd/) SIGKDD's primary mission is to provide a forum for advancement, education, and adoption of the "science" of knowledge discovery and data mining from all types of data stored in computers and networks of computers. SIGKDD promotes basic research and development in KDD, adoption of "standards" in the market in terms of terminology, evaluation, methodology and interdisciplinary education among KDD researchers, practitioners, and users. The Technical Committee on Data Engineering (TCDE) is concerned with the role of data in the design, development, management, and use of information systems. Issues of interest include database design; knowledge of the data and its processing; languages to describe data, define access, and manipulate databases; strategies and mechanisms for data access, security, and integrity control; and engineering services and distributed systems. The TC sponsors the Data Engineering Conference and cosponsors the International Conference on Very Large Data Bases. It is involved with other conferences, symposia, and workshops, and publishes a quarterly newsletter.
The Data Warehousing Institute (TDWI) (http://www.dw-institute.com/)
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